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Abstract

Formation mechanism of gullies in the crater walls of Mars has been a debate throughout.
Many hypotheses have been proposed for the formation mechanism of gullies in crater
walls. But nothing has convincingly proved. In their work Fan et. al (2008) selected four
gully exposed sites in Mars to identify water signature using OMEGA data. There work
had limitations in terms of special resolution of OMEGA data, and strong carbon dioxide
absorption around 2um. In this work an attempt has been made to identify water
signature in gully exposed sites of Mars using CISM data in one of the gully exposed
sites of the study area of Fan et. al (2008). Atmospheric correction has been done for the
CRISM dataset to minimize the carbon dioxide absorption noise. With fine resolution of
CRISM data that is 17 meter feeble water absorption depth has been identified in gully
exposed site of the study area.

Introduction

High-resolution images from the Mars Obiter Camera (MOC) onboard the Mars
Global Surveyor (MGS) show different gully features on sloped surfaces of Mars. The
mechanism of gully formation is still under debate. Majority of studies tend to favor a
mechanism related to liquid water flow based on geomorphology and fluid mechanics
considerations for formation of gully in Mars (Parker et al., 1989; Malin and Edgett,
20004, 2003; Fairén, et al., 2003; Mangold et al., 2004; Solomon et al., 2005). Malin and
Edgett (2000a) first described gullies imaged by the Mars Obiter Camera (MOC) (1.5 to
12.0 m/pixel) aboard the Mars Global Surveyor (MGS). The gully features have been
found on crater walls, valley walls, polar pits, scarp faces, mesas, and fretted terrain
mostly in areas of 30° — 72 © latitude in both hemispheres (Heldmann and Mellon, 2004).
Fan et. al (2008) examined four gully exposed sites by means of Visible and Infrared
Mineralogical Mapping Spectrometer (OMEGA) imagery to identify the physical
processes involved in formations of those gullies. Investigation of the four sites in their
study showed greater absorption depths of water-related bands at the gully-exposed sites
than those at the adjacent pixel ring, and smaller absorption depths of water-related bands
in the surrounding pixel rings which indicates water is one of the physical agents behind
formation of those gullies. But there work has limitations in terms of following;

1. Limited knowledge of grain size that might have affected the absorption depth;

2. The influence of seasonal temperature changes on imaged materials;

3. Strong CO, absorption features at wavelengths around 2 um both in the solid
state and in the atmosphere (Langevin et al. 2007), especially for the gully-
exposed site close to the polar areas;

4. The limitation of the spatial resolution of OMEGA hyperspectral images in the
case study,

5. Errors in registering gully-exposed sites found from MOC images to OMEGA
images due to the possible inaccuracy of two geo-referencing systems.



Therefore in their work Fan et. al (2008) could not able to make a convincing
conclusion about the formation of gullies by means of water, depending only on the
absorption depths of water related bands. In this work one of the gully exposed sites of
the study area of Fan et al (2008) has been examined to identify water signature using
CRISM data.

Data and method used

In this work CRISM data has been obtained from
http://pds-geosciences.wustl.edu/missions/mro/crism.htm  which is free download.
Thermal long and short wave length bands are selected to make the composite image
using IDL code. Spectral range is 0.4036 to 2.6153 um. Location of gully exposed site is
northeast wall of Hale Crater (35.5°S/324.6°E). Pixel resolution is 17 meter. Atmospheric
correction was made using the model provided by the CRISM team. This model assumes
that the Martian atmospheric column is homogeneous and the materials on the summit
and at the base of Olympus Mons are identical. Atmospheric absorptions could be
removed by dividing the reflectance spectra by a ratio of spectra acquired on Olympus
Mons and scaled to the same column density of CO; (Langevin et al., 2005). Figure 1 is
the composite hyperspectral image of the study area after atmospheric correction.

Figure 1: Hyperspectral image of the study area under investigation after atmospheric correction.



Four gully exposed sites and two non gully exposed site were selected to extract
reflectance spectral signature to identify water absorption depth. Region of interest for
extraction of spectral signature is shown in figure 2. After extraction of spectral signature
a continuum was removed to analyze absorption features as described by Clark (1981a)
and Clark and Roush (1984). The absorption depth is calculated using two adjacent
spectral channels of continuum spectra. Spectral signature of the region of interest is
shown in figure 3. To identify water absorption depth the wavelengths selected are as
follows 1.04pum, 1.4 pum, 1.5 pm, 1.8 pum, 1.87 pum, 1.91 um. The reason is isolated water
molecules have absorption bands at 0.94 um, 1.14 pm, 1.38 um, 1.45 pm, and ~1.87 pm
(Hunt and Salisbury, 1970). After getting the absorption depths of corresponding
individual wavelengths, average of absorption depth has been taken for corresponding
wavelengths of different location. Absorption depths are shown in Table 1 for gully
exposed sites and non gully exposed sites.

Figure 2: Region of interest marked by different colors to extract spectral signature to identify water
absorption depth.



Figure 3: Spectral signature of the region of interest after continuum removed.
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15 0.1204 0.1159 | 0.12 0.1117 0.11700 | 0.1157 0.1145 | 0.11510
1.8 0.118 0.1139 | 0.1161 | 0.1088 0.11420 | 0.1138 0.1115 | 0.11265
1.87 0.118 0.113 0.1162 | 0.1083 0.11388 | 0.1104 0.1089 | 0.10965
191 0.1179 0.1138 | 0.1164 | 0.1085 0.11415 | 0.1124 0.1108 | 0.11160

Table 1: Absorption depths of corresponding wavelengths of different region of interest after
continuum removal.

Results and discussion

All the region of interest shows water absorption depths corresponding to the
wavelength chosen. For wavelength 1.04 um water absorption depth of gully exposed site
is lower than non gully exposed sites. But for other wavelengths average water absorption



depth is slightly higher in gully exposed site than non gully exposed site. This supports
the conclusion of Fan et al (2008) that there is water signature in gully exposed sites.

Future work

This work definitely supports that there is water signature in gully exposed sites.
But the absorption depth is feeble for gully exposed site than non gully exposed site. To
get strong water signature in gully exposed site other locations need to be examined.

References
Clark, R.N., 1981a. Water frost and ice: the near-infrared special reflectance 0.65-2.5 um.
J. Geophys. Res. 86, 3087-3096.

Clark R.N., Roush, T.L., 1984. Reflectance spectroscopy: quantitative analysis
techniques for remote sensing application. J. Geophys. Res. 89, 6329-6340.

Fairén, A.G., Dohm, J.M., Baker, V.R., de Pablo, M.A., Ruiz, J., Ferris, J., Anderson, R.,
2003. Episodic flood inundations of the northern plains of Mars. Icarus 165, 53-67.

Fan, C., Schulze-Makuch, D., Xie, H., Lu, N., Investigation of Water Signatures at Gully-
Exposed Sites on Mars by Hyperspectral Image Analysis. (Unpublished document).

Heldmann, J.L., Mellon, M.T., 2004. Observations of Martian gullies and constraints on
potential formation mechanisms. Icarus 168, 285-304.

Hunt, G.R., Salisbury, J.W., 1970. Visible and near infrared spectra of minerals and
rocks, I, silicate minerals. Mod. Geol. 2, 283-300.

Langevin, Y., Bibring, J.-P., Montmessin, F., Forget, F., Vincendon, M., Doute, S.,
Poulet, F., Gondet, B., 2007. Observations of the south seasonal cap of Mars during
recession in 2004-2006 by the OMEGA visible/near-infrared imaging spectrometer
on board Mars express. J. Geophys. Res. 112, EO08S12, doi:
10.1029/2006JE002841.

Malin Space Science Systems, 2000. Mars Global Surveyor Mars Orbiter Camera Image
Gallery. http://www.msss.com/moc_gallery/

Mangold, N., Quantin, C., Ansan, V., Delacourt, C., Allemand, P., 2004. Evidence for
precipitation on Mars from dentritic valleys in the Valles Marineris area. Science
305, 78-81.

Parker, T.J., Saunders R.S., Schneeberger, D.M., 1989. Transitional morphology in west
Deuteronilus Mensae, Mars: Implications for modifications of the lowland/ upland
boundary. Icarus 82, 111-145.



Solomon, S.C., Aharonson, O., Aurnou, J.M., Banerdt, W.B., Carr, M.H., Dombard, A.J.,
Frey, H.V., Golombek, M.P., Hauck, II, S.A., Head, I, JW., Jakosky, B.M.,
Johnson, C.L., McGovern, P.J., Neumann, G.A., Phillips, R.J., Smith, D.E., Zuber
M.T., 2005. New perspectives on ancient Mars. Science 307, 1214-1220.



